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3.1. Materials and Sample Geometry 
7KHPDWHULDOV XVHG IRU WKH K\EULG MRLQW DUH DQ DXVWHQLWLF VWDLQOHVV VWHHO;&U1L  PPPDWHULDO
WKLFNQHVVDQGD7(3(;IORZFRUH3$%RQG/DPLQDWHV*PE+ZLWKJODVVILEHU UHLQIRUFHPHQW7KH7(3(;









VDPSOH ZLWK [ PPð GLPHQVLRQV DQG  PP PDWHULDO WKLFNQHVV 7R DYRLG PDWHULDO IDLOXUH RI WKH FRPSRVLWH
RXWVLGHWKHMRLQLQJ]RQHGXULQJWHVWLQJWKHMRLQLQJDUHDLVOLPLWHGWR[PPð PPð
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DVTXDUHODVHUVSRWZLWKDYDULDEOHVL]HIURP[PPðXSWR[PPð7KHYDULDEOHVSRWVL]HHQDEOHVDVLPXOWDQHRXV
LUUDGLDWLRQ RI WKH FRPSOHWH MRLQLQJ DUHD ,Q RUGHU WR DSSO\ SUHVVXUH DQG IL[ WKH VDPSOH DUUDQJHPHQW D SQHXPDWLF
FODPSLQJGHYLFHZLWKDVSHFLPHQKROGLQJIL[WXUHLVXVHG)LJE$SUHVVXUHRIEDUVLVDSSOLHG7KHVDPSOHVDUH
MRLQHGZLWK3 :DQGPVLUUDGLDWLRQOHQJWKZLWKDODVHUVSRWVL]HRI[PPð
3.3. Testing Procedures and Analysis 
7KHPLFURVWUXFWXUHGPHWDOVXUIDFHLVDQDO\]HGZLWKDODVHUVFDQQLQJPLFURVFRSH/60.H\HQFH9.DQGD
VFDQQLQJHOHFWURQPLFURVFRSH6(0/(2(3$IWHUWKHFKDUDFWHUL]DWLRQRIWKHVXUIDFHWKHVDPSOHVDUHFXWLQWR
FURVVVHFWLRQV7KHPHFKDQLFDOSURSHUWLHVRI WKH MRLQW DUH WHVWHGZLWKDPXOWLSXUSRVH WHVWLQJPDFKLQH= IURP
=ZLFN*PE+	&R.*)RU WKH VKHDU WHQVLOH WHVWV D WHQVLOH IRUFH LV DSSOLHGSDUDOOHO WR WKH MRLQLQJDUHDDQG WKH
EUHDNLQJIRUFHLVPHDVXUHGDFFRUGLQJWR',1(17KHVDPSOHVDUHIL[HGEHWZHHQWKHFODPSLQJMDZVLQD
PPGLVWDQFH7KH WHVWLQJ VSHHG LV VHW WRPPPLQ ,QRUGHU WRPLQLPL]HEHQGLQJPRPHQWVRQ WKH MRLQWGXULQJ
WHVWLQJWKHVDPSOHVDUHJXLGHGEHWZHHQDOXPLQXPSLOODUV)RUHDFKSDUDPHWHUVHWWLQJILYHVDPSOHVDUHWHVWHG
5HVXOWVDQG'LVFXVVLRQ










2QIXUWKHU LUUDGLDWLRQ WKHVPDOO VSKHUHVDQGGRWVJURZ WRJHWKHUGXH WREULGJLQJDQG IRUPD VSRQJ\&/3
VXUIDFH
(LIHO>(LIHO@DGGLWLRQDOO\GHVFULEHVDIRXUWKVWHSZKHUHWKHIRUPDWLRQRIWKH&/3WRSRJUDSK\LVVDWXUDWHG
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6(0SLFWXUHVRI&/3DWGLIIHUHQWPDJQLILFDWLRQV)LJVKRZGRWVDQGKROHVZKLFKDUHSDUWLDOO\FRQQHFWHGZLWK
EULGJHV 7KH VWUXFWXUHV DUH UDQGRPO\ RUJDQL]HG RQ WKH VXUIDFH DQG VHHP WR KDYH QR SUHGRPLQDQW RULHQWDWLRQ
GLUHFWLRQ'LIIHUHQWSK\VLFDOPHFKDQLVPVDUH DVVXPHG WREH UHVSRQVLEOH IRU WKH IRUPDWLRQRI&/3 >(LIHO @
+\GURG\QDPLF DQG VROLGLILFDWLRQ HIIHFWV UHTXLUH WKH H[LVWHQFH RI D OLTXLG SKDVH GXULQJ WKH SURFHVV WKDW FDQ EH

















4.2. Influence of laser parameters on the CLP growth process 
,Q RUGHU WR LGHQWLI\ D SURFHVV ZLQGRZ IRU PLFURVWUXFWXULQJ WKH PHWDO VXUIDFH ZLWK &/3 VFDQQLQJ VSHHG Y
VWUXFWXUHRIIVHW62 ODVHUSRZHU3DQG WKHQXPEHURIDEODWHG OD\HUV1DUHYDULHG7KHJRDO LV WR LGHQWLI\DVHWRI
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SDUDPHWHUVZKHUHWKHVXUIDFHLVUHSURGXFLEO\IXOO\FRYHUHGZLWK&/3DQGWKHSURFHVVWLPHLVPLQLPL]HG7KHWULDOV
IRU WKH GHWHUPLQDWLRQRI WKHSURFHVVZLQGRZZHUH FDUULHGRXWE\YDU\LQJRQHSDUDPHWHUZKLOH NHHSLQJ WKHRWKHU




)LJ,QIOXHQFHRIGLIIHUHQWODVHUSDUDPHWHUVRQWKH&/3FRYHUDJHD3YDULHGDWY PPV1 62 PEYYDULHGDW3 :






)RU WKH MRLQLQJ WULDOV WKUHHSDUDPHWHU VHWWLQJV DUH FKRVHQ DW GLIIHUHQW VWDJHVRI WKHPLFURVWUXFWXULQJSURFHVV WR
HYDOXDWHWKHLQIOXHQFHRIGLIIHUHQW&/3FKDUDFWHULVWLFVRQWKHMRLQWVWUHQJWK
x $3 :Y PPV1 OD\HUV62 P$SSUR[LPDWHO\RIWKHMRLQLQJDUHDDUHFRYHUHG
ZLWK&/3³%HIRUH&/3´
x %3 :Y PPV1 OD\HUV62 P7KHMRLQLQJDUHDLVFRPSOHWHO\FRYHUHGZLWK&/3
³6WDQGDUG&/3´
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4.3. Joining results and tensile shear strengths 
'XULQJ FRQGXFWLYH MRLQLQJ  DQG 3$*) DUH FODPSHG WRJHWKHU DQG WKH  LV KHDWHG XS ZLWK D
[PPðGLRGHODVHUVSRW%DVHGRQSUHOLPLQDU\WHVWVMRLQLQJSDUDPHWHUVZHUHVHWWRODVHUSRZHU3 :ZLWKD
LUUDGLDWLRQOHQJWKRIPVZKLFKHQDEOHWKHSODVWLILFDWLRQRIWKHPDWUL[PDWHULDOLQWKHHQWLUHMRLQLQJDUHDZLWKRXW







$IWHUZDUGV WKHVDPSOHVZHUH WHVWHGYLD WHQVLOHVKHDU WHVWV WRGHWHUPLQH WKHDYHUDJHEUHDNLQJIRUFHRI WKHMRLQW
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7KH WHQVLOHVKHDUVWUHQJWKVRI WKHSRO\PHUPHWDOMRLQWZLWKD IXOO\FRYHUHG&/3MRLQLQJDUHD LVDERXW03D
ZKLFKLVPRUHWKDQMRLQLQJVWUHQJWKVRIFRPPRQDGKHVLYHMRLQWVRUODVHUEDVHGMRLQWVZLWKRWKHUODVHUSUHWUHDWPHQWV
>(QJHOPDQQHW DO 5DXVFKHQEHUJHU HW DO %RXWDU HW DO @2XWVLGH WKH6WDQGDUG&/3SURFHVV
ZLQGRZWKHMRLQWVWUHQJWKGHFUHDVHVZKLFKFRQILUPVWKHLQIOXHQFHRIWKH&/3VWUXFWXUHRQWKHERQGLQJVWUHQJWK)LJ






QXPEHU RI OD\HUV XQWLO WKH PHWDO VXUIDFH LV FRPSOHWHO\ FRYHUHG ZLWK &/3 ZKLFK FDQ EH YLVXDOO\ GHWHFWHG E\ D
EODFNHQLQJ RI WKH VXUIDFH 7KH JHQHUDWHG VHOIRUJDQL]HG PLFURVWUXFWXUHV IRUP VSRQJ\ VWUXFWXUHV ZLWK KLJK
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